Introduction
The immunogenicity of the zona pellucida (zona), and the possible role of specific antibodies in infertility and contraception has received considerable attention (Gwatkin, Williams & Carlo, 1977;  Shivers, Genozian, Franklin & McLaughlin, 1978; Trounson, Shivers, McMaster & Lopata, 1980) . This work has been hampered, however, by lack of quantitative assay for antibody binding and by lack of detailed knowledge of zona biochemistry. Most reports of zona antibody binding have used immunofluorescence or light scattering by the antigen-antibody complex as the means of detection. Some degree of quantitation has been achieved by end-point titration or a system of plus-minus scores based on visual estimation (Oikawa & Yanagimachi, 1975; Yanagimachi, Winkelhake & Nicholson, 1976; Gwatkin et al, 1977 ; Gwatkin & Williams, 1978; Shivers et al, 1978; Trounson et al, 1980) . Tsunoda, Sugie & Mori (1979) have systematically compared end-point titres of assay methods for the zona precipitate, indirect immunofluorescence, time of zona dissolution, and inhibition of in-vitro fertilization: fluorescence was the most sensitive of the four methods.
Assays have also been reported in which fluorescence (Gerrity, Niu & Dunbar, 1980) or radioactivity (Dunbar & Raynor, 1979; Palm, Sacco, Syner & Subramanian, 1979) has been accurately measured. In spite of these improvements in quantitation, there is still a need for new methods giving accurate titration of zona pellucida antisera. The present paper describes a new indirect immunofluorescent assay method in which the fluorescence is quantitated by microspectrofluorometry.
Materials and Methods

Buffers
The standard assay buffer was phosphate (Na2HP04 and KH2P04)-buffered saline (PBS) (280 mosmol and pH 7-2). 
Oocyte collection
Porcine ovaries were obtained from a local abattoir and were transported to the laboratory on ice within 1 h. The oocytes were collected by a method developed in this laboratory. Two florists pin holders were used to prick the follicles. The follicular fluid and the ovaries were briefly shaken in 0-01 M-sodium citrate in PBS and then poured through a set of sieves made of plankton nets (Dunbar, Wardrip & Hedrick, 1980 Control immunizations were adjuvants only and 0-4 g porcine spleen injected with the same combination of adjuvants. Normal rabbit serum was used as a negative control. The immunized rabbits were given a booster injection of the same amount of antigen emulsified with 1 ml incomplete Freund's adjuvant after 6 weeks, and then bled 2 weeks after that. Antisera to oocytes or solubilized zonae were tested and the one in each category showing the highest end-point titre was used throughout the work. The sera were not purified.
Assay method
The oocytes used as antigen in the assay were contained in a cup with a plankton net base constructed from the cap of a plastic microfuge tube (Text- fig. 1 Borth (1960) . The index of precision = s lb, where s = standard deviation of the regression and b = slope (Borth, 1960; Cornfield, 1970 (Text-fig. 4 ). Oocyte preservation was a significant factor in the assay. One means of achieving this was with sodium azide used at a concentration which inhibited degeneration but did not significantly affect the antibody-antigen binding. A trial of azide concentrations at a constant antiserum concentration showed 1% to be optimal. Neither 1% azide nor heat inactivation of the serum significantly affected the results, except for a slightly improved linearity with the latter (Text-fig.  3c ).
Fixation of oocytes in formaldehyde gave excellent preservation but altered binding properties. The assay sensitivity was greatly increased at the higher serum concentrations and reduced at the more dilute end, while fluorescence was not inhibited by high protein concentration.
When FITC-conjugated Protein A was used under standard conditions (Text-fig. 3c) fig. 5a ), the relatively large error and reduced differences between antiserum dilutions rendered detection of differences less sensitive, for the range used here, than with the 4-day assay or the 3-day assay with Protein A. Sodium azide and heat inactivation combined gave the most acceptable results for use with Protein A (Text- fig. 5b ), which showed greater sensitivity at high antibody concentration than IgG. Therefore, these conditions were used for further tests. Two antisera made against heat-solubilized zonae and acid-solubilized zonae were tested under optional Protein A 3-day and anti-IgG 4-day conditions. With heat-solubilized antiserum (Text- fig. 6 ) the regressions under both assay conditions were linear. Although the intensity of fluorescence was less than with the standard antiserum, the binding dynamics were similar. The results with the acid-solubilized antiserum differed significantly from the standard antiserum. The regressions, although significant, were non-linear (4-day, b = 2-21, a = 5-68, s = 0-60, = 0-27, regression F = 10909, < 0-001; deviation from linearity F = 22-13, < 0-001; 3-day, b = 0-96, a = 1-20, s = 0-36, = 0-38, regression F = 68-29, < 0-001: deviation from linearity F = 4-13, < 0-05) and were therefore not represented in graphic form. fig. 6 . Effect on antiserum against heat-solubilized zona, using IgG tracer in the 4-day assay and Protein A tracer in the 3-day assay. *P < 0-05.
Discussion
Dunbar et al. (1980) have suggested that the porcine zona pellucida is a complex mixture of microheterogeneous glycoproteins which appears to have intermolecular binding capacity. This, and the tendency to stick to glass, support the idea that the zona may bind a variety of molecules non-specifically. Yanagimachi, Nicholson, Noda & Fujimoto (1973) reported that sialic acid is the major source of anionic residues in the hamster zona. Because anionic proteoglycans, in general, are known to bind interchain as well as with almost every other molecular type (Lindahl & Höök, 1978) , it was considered necessary to test a variety of assay conditions so that those which promoted maximal antigen-antibody binding and minimized competitive non-specific intermolecular interactions could be established.
The antibody titration curves differed greatly with the variables of the assay. The primary
